Background: To investigate in vitro antioxidant, brine shrimp lethality bioassay, antimicrobial, anthelmintic activities and in vivo peripheral analgesic activity of methanol and petroleum ether extracts of Cassia renigera seed. Methods: Phytochemical screening of the crude extracts was carried out. Antioxidant activity was determined using seven different methods. Brine shrimp lethality bioassay and anthelmintic activities were done using nauplii of Artemia salina and adult earthworm (Pheretima posthuma), respectively. The antimicrobial potential was investigated against three Gram-positive and three Gram-negative bacteria. Acetic acid induced writhing test was performed to evaluate peripheral analgesic activity. Results: Both methanol and petroleum ether extracts showed the presence of flavonoids, saponins, and tannins. While alkaloids, glycosides, and steroids were only found in the methanolic extract. Methanolic extract showed more potent 1,1-diphenyl-2-picrylhydrazyl (DPPH), nitric oxide scavenging capacity, cupric reducing and reducing power capacity than petroleum ether extract. While petroleum ether extract showed better results in total phenol and total antioxidant activities. In brine shrimp lethality bioassay methanolic and petroleum ether extracts showed the LC 50 value of 74.44 and 121.49 μg/mL, respectively. In overall antimicrobial study methanolic extract showed better activity than petroleum ether extract. Methanolic extract of 50 mg/mL showed maximum anthelmintic activity comparable to the standard (Piperazine Citrate, 10 mg/mL). Both 500 mg/kg and 1000 mg/kg body weight dose of the methanolic extract exhibited significant 39.64% and 58.73% writhing inhibition ( < 0.05) in test animals, consecutively. Conclusions: In a nutshell, the results suggested that the seed can be used as a potential source for the aforesaid bioactivities.
Background
Plants are more important in human life and commonly used in treating or preventing specific diseases and are considered to play a salubrious role in health care. Various experimental studies indicated that peptide, unsaturated long chain fatty acids, alkaloids, essential oils, phenols, flavonoids, tannin, and water or ethanol soluble compounds of medicinal plants are potentially significant against different diseases [1] . Free radicals are the main cause of oxidative stress and the source of the pathogenesis of various diseases like cancer, diabetes, cardiovascular diseases, aging and metabolic syndrome [2] . These radicals can be scavenged by natural and synthetic antioxidant agents. Multiple drug resistance has become very common and to combat the challenge there have been rising interests to find antimicrobial compounds from medicinal plant extracts [3] Parasitic infection (Helminthiasis) is a further serious healthcare problem in the tropical regions including the Asian countries which affects more than two billions of people worldwide [4] . The finding of different natural anthelmintics is also very important. Inflammation is a reaction of living tissues towards injury and leads to the restoration of a normal tissue structure and function which comprises systemic and local responses. Prolonged inflammation causes the pathogenesis of many inflammatory diseases such as atherosclerosis, obesity, cardiovascular disease, rheumatoid arthritis, and cancer [5] . So investigation of medicinal properties of plants devoted an increasing interest last couple of years because of their potent pharmacological activities, convenience to users, economic variability and low toxicity.
Cassia spp. of Caesalpiniaceae family has drawn attention due to their significant therapeutic value in traditional medicine for their antioxidant, antimicrobial and antidiabetic activities [6] . Among Cassia spp. Cassia renigera (C. renigera) is an evergreen tree is locally conversant as Minjiri and English name is Burmese Pink Shower. It is indigenous in Myanmar but also found in India and Bangladesh. Generally, the seed is not eaten by a human but the seed of this plant is used in constipation [7] . Previously Hossain et al in 2014 investigated antioxidant, brine shrimp lethality bioassay and antimicrobial activities of fruits of C. renigera [7] . To the best of our consciousness, no attempts were taken before to evaluate the bioactivities of the seed part of this plant. So in this present study, we have viewed antioxidant, brine shrimp lethality bioassay, antimicrobial, antihelminthic and analgesic activities of methanol and petroleum ether extracts of seed part of C. renigera.
Materials and methods

Chemicals and reagents
Folin-Ciocalteu reagent, Methanol, Ethanol, Sodium Phosphate (Na3PO4) and Ammonium molybdate were purchased from Merck, Germany. Sodium carbonate, Potassium Acetate and Concentrated H2SO4 (98%), Cupric Chloride, Neocaproin, Ammonium acetate Buffer (pH 7.0), were purchased from Merck (India) Limited. Gallic acid, Quercetin and 1, 1-diphenyl-2-picrylhydrazyl (DPPH) were purchased from Sigma Chemicals, USA. Aluminium Chloride and Ascorbic acid were purchased from SD Fine Chem. Ltd., Biosar, India. Sodium Nitroprusside was purchased from Ranbaxy lab, Mohali, India. Griess reagent was purchased from Rouch-light, Suffolk, England. Potassium Ferricyanide was purchased from May and Becker, Dagenham, UK. Trichloro Acetic acid and Ferric Chloride were purchased from Fine Chemical, India. Diclofenac sodium was obtained from Beximco Pharmaceuticals Ltd., Bangladesh. All reagents and chemicals used were of analytical grade.
Plant materials
The seeds of C. renigera were collected in OctoberNovember 2016 from the Botanical garden of Jahangirnagar University, Savar, Dhaka, Bangladesh. The plants were identified by the taxonomist of the National Herbarium of Bangladesh (Acc. No. 38731) where the voucher specimen has been deposited for future investigation.
Extract preparation
The seeds of C. renigera were collected, sundried and then dried in a hot air oven (Size 1, Gallenkamp) at reduced temperature (not more than 50°C) to make suitable for grinding purpose. The dried seeds were ground to a coarse powder with a mechanical grinder (Grinding Mill). The weight of the powdered seeds was 1100 g. One thousand gram powders were used for extraction. The powdered seeds were extracted by Soxhlet apparatus at an elevated temperature (65°C) using petroleum ether and methanol consecutively (1000 mL of each solvent). After each extraction, the plant material was dried and used again for the next extraction. The filtrates obtained were dried at a temperature of 40 ± 2°C to haven gummy concentrate of the crude extracts. In the suitable container, the extracts were sored with proper leveling and maintaining other proper conditions. The yield obtained from seed using petroleum ether was 18.4 g and methanol was 37.5 g.
Phytochemical screening
Phytochemical screening of the crude extracts was carried out employing standard procedures [8] , to reveal the presence of different phytochemical constituents such as alkaloids, carbohydrates, flavonoids, glycosides, tannins, steroids, and saponins.
Antioxidant activity evaluation Determination of total phenol content
The content of total phenolic compounds in seed methanol and petroleum ether extracts was determined as described by Velioglu et al [9] . After addition of Folin-Ciocalteu and 7.5% Sodium carbonate solution (4 mL) into different concentrations of seed extract/ standard, mixed well. The absorbance of the solution was measured at 765 nm using a spectrophotometer (Shimadzu UV PC-1600) against blank. The total content of phenolic compounds of the seed extracts was expressed in mg/g gallic acid equivalent (GAE).
Determination of total flavonoid content
Total flavonoid was determined using the aluminum chloride colorimetric method described by Wang and Jiao [10] . Three mL of methanol was added to the test tube containing a different concentration of seed extract/ standard. Then 200 μL of 10% aluminum chloride solution was added into the same test tube, followed by the addition of 200 μL of 1 M potassium acetate solution into the test tube. Finally, 5.6 mL of distilled water was mixed and incubated for 30 min at room temperature. The absorbance of the solution was measured at 415 nm using a UV spectrophotometer against blank. In seed extracts, total flavonoid contents were expressed in mg/g quercetin equivalent (QE).
Determination of total antioxidant capacity
Total antioxidant capacity was determined using the phosphomolybdenum method described by Prieto et al [11] . Three mL of reagent solution was added into test tubes of different concentration of seed extract/standard. It was incubated for 90 min at 95°C. Then after cooling at room temperature the absorbance of the solutions was measured using a spectrophotometer against blank at 695 nm. The antioxidant activity was expressed as mg/g ascorbic acid equivalent (AAE).
DPPH free radical scavenging assay DPPH free radical scavenging assay was done according to the method described by Braca et al [12] . In different concentration solutions of seed extract/standard, 2 mL of 0.004% DPPH solution in the solvent was added to each test tube to make the final volume 3 mL. After incubating for 30 min at room temperature in a dark place, absorbance was measured at 517 nm using a spectrophotometer against blank. The percentage (%) inhibition activity was calculated from the following equation. ((A0-A1)/A0) × 100; where A0 is the absorbance of the control and A1 is the absorbance of the extract or standard. IC50 values were calculated using regression analysis.
Nitric oxide (NO) scavenging capacity assay
Nitric oxide scavenging capacity was determined according to the method described by Govindarajan et al [13] . In different test tubes, 4.0 mL of each seed extracts or standard of different concentration solutions were taken and 1.0 mL of Sodium nitroprusside, (5 mM) solution was added into the test tubes. The test tubes were incubated for 2 h at 30°C to complete the reaction. Then 2.0 mL solution was withdrawn from the mixture and mix with 1.2 mL of Griess reagent and the absorbances of the solutions were measured at 550 nm using a spectrophotometer against blank. The percentage (%) inhibition activity was calculated from the following equation. ((A0-A1)/A0) × 100; where A0 is the absorbance of the control and A1 is the absorbance of the extract or standard. IC50 was calculated by a linear regression method.
Cupric reducing antioxidant capacity
The cupric reducing antioxidant capacity was done according to the CUPRAC method described by Resat et al [14] . One mL of 0.01 M CuCl2.2H2O solution, 1.0 mL of ammonium acetate buffer, pH 7.0, 1.0 of 0.0075 mL of neocaproin solution and 600 μL of distilled water were added into test tubes containing seed extracts/standards of different concentrations and the final volume of the mixture was adjusted to 4.1 mL. After incubating for 1 h at room temperature the absorbance of the solutions was measured at 450 nm using a spectrophotometer against blank.
Reducing power capacity assessment
In this assay, the reducing power capacity was performed according to the way described by Oyaizu [15] . In different test tubes, 2.0 mL of each seed extracts or standard of different concentration solutions were taken and 2.5 mL of 1% Potassium ferricyanide (K3Fe(CN)6) solution was added into each of test tubes. The test tubes were incubated for 10 min at 50°C to complete the reaction and 2.5 mL of Trichloroacetic acid, 10% solution was added to each of the test tubes. The total mixtures were centrifuged at 3000 rpm for 10 min. 2.5 mL supernatant solution was withdrawn from each of the mixtures and mixed with 2.5 mL of distilled water. 0.5 mL of 0.1% Ferric chloride (FeCl3) solution was added to each of the test tubes. The absorbance of the solutions was measured at 700 nm using a spectrophotometer against distilled water. The absorbance of the blank solution was also measured at 700 nm against the solvent used in solution preparation.
Determination of brine shrimp lethality bioassay Brine shrimps
Brine shrimp, Artemia salina Leach, are marine invertebrates also known as sea monkeys. They are about 1 mm in size. Freeze dried cysts were readily available at aquarium stores. The cysts lasted for several years and could be hatched without special equipment [16] .
Brine shrimp lethality bioassay. The lethal activity of the plant was evaluated using Brine shrimp lethality bioassay method [17] . Brine shrimps nauplii (Ocean 90, USA) were used as test organisms. Hatching was done by keeping the eggs in brine and supplying oxygen for 48 h at a stretch. The mature nauplii were then used in the experiment. DMSO was used as a solvent and also as a negative control. Vincristine sulfate was used as a reference standard in this case. After 24 h the test tubes were observed and the number of nauplii survived in each test tube was counted. From this, the percentage of mortality of brine shrimp nauplii was calculated for each concentration of the extract and then corrected using Abbott formula [18] . After correcting the % mortality, probit analysis was performed and found out LC50 value calculated using Fenny probit analysis [19] .
Antimicrobial activity of plant extracts Microorganisms
Three Gram-positive Bacillus subtilis (B. subtilis), Bacillus cereus (B. cereus), Staphylococcus aureus (S. aureus) and three Gram-negative Escherichia coli (E. coli), Salmonella typhi (S. typhi), and Salmonella abony (S. abony) bacteria were used for this investigation. As pure cultures, the bacterial strains were collected from the Institute of Nutrition and Food Science (INFS), University of Dhaka.
Antimicrobial screening by disc diffusion technique
Antimicrobial activity of the seed extracts was investigated by disc diffusion technique [20] . Subcultures prepared from pure cultures of seven microorganisms were used for the sensitivity test. Seed extract of 400 μg/disc concentrations was used for this investigation. Standard disc of Amoxicillin (30 μg/disc) was used as positive control. For negative control, blank discs that were impregnated with solvents followed by evaporation were used. Then 100 μL of bacterial cell suspension was spread throughout the plates and then inverted and kept in an incubator at 37°C for 24 h. After that by measuring the diameter of the zones of inhibition (millimeter), the antimicrobial activities of the test samples were determined.
Anthelmintic assay
The Anthelmintic activity [21] was evaluated in adult earthworm (Pheretima posthuma). The groups of equalsized earthworms consisting of 3 earthworms in each group were released in 50 mL of sample with desired concentrations 10, 25 and 50 mg/mL. One group of earthworms in 1% Tween 80 was used as a control group and another group of earthworms in Piperazine citrate (10 mg/mL) used as a reference. Observations were made for the time taken for paralysis and death of individual worms. When earthworm does not make any movement except shaken vigorously considered as paralysis. When worms do not move if shaken vigorously or dipped in water at 50°C were considered dead.
Evaluation of peripheral analgesic activity Animals and experimental setup
Swiss albino male mice of 25-30 g were collected from Pharmacology Laboratory, Department of Pharmacy, Jahangirnagar University, and were acclimatized to normal laboratory conditions for one week prior to the study and were assessed to a pellet diet and water ad libitum. The temperature of the facility was 25 ± 3°C and light/darkness alternated 12 h apart. The study was conducted following the approval by the Biosafety, Biosecurity and Ethical Committee [Approval Number: BBEC, JU/M 2018 (1)3] of Jahangirnagar University, Savar, Dhaka, Bangladesh.
Acute toxicity study
The acute oral toxicity test was performed following the guidelines of the Organization for Economic Cooperation and Development (OECD) for testing of chemicals, (Test Guideline 425) with some minor modifications (OECD 2008). Swiss albino male mice (25-30 g) (n = 16) were divided into four groups with four animals each. Four different doses (500, 1000, 2000 and 3000 mg/kg) of methanol extract of Mallotus repandus stem extracts were administered to each group via a stomach tube. Then, all the treated animals were observed for mortality and clinical signs of toxicity (i.e. general behaviour, respiratory pattern, cardiovascular signs, motor activities, reflexes and changes in skin and fur texture) following 1, 2, 3 and 4 h of post-administration on the first day but only once daily for the next three days following administration of the extract.
Acetic acid induced writhing test
According to Koster et al [22] method the experimental animals were randomly selected and divided into six groups consisting of five mice in each group. Group, I served as the control group and received 1% Tween 80 in water. Group II received Diclofenac Na and Group III, IV was treated with the crude methanol extract, respectively. Whereas Group V, VI was treated with the crude petroleum ether extract. Forty-five minutes later each mouse was injected intra-peritoneally (i.p.) with 0.7% acetic acid at a dose of 10 mL/kg body weight. After 15 min i.p. administration of acetic acid, the number of writhing responses for each animal was recorded for a subsequent 5 min period and the mean abdominal writhing for each group was obtained. 
Statistical analysis
Values are presented as mean ± SEM (Standard error of the mean) and mean ± SD (Standard deviation). One way ANOVA followed by Dunnet, Bonferroni and LSD multiple comparisons was performed to analyze the data sets using SPSS version 16 (IBM software Inc., USA). P < 0.05 was considered statistically significant. Besides Microsoft excel 2007 was also used to analyze different datasets.
Results
Phytochemical screening of C. renigera seed extracts Both methanolic and petroleum ether extracts showed ( Table 1) the presence of carbohydrates, flavonoids, saponins, and tannin. Besides alkaloids, glycosides and steroids were also contained in CRSM but absent in CRSP.
Antioxidant activity evaluation
Results of total phenol, total flavonoid content and total antioxidant capacity were presented in Table 2 . Total phenol contents of CRSM and CRSP were found to be 85.59 ± 0.66 and 100.72 ± 1.65 mg/g, GAE respectively. Total flavonoid contents of methanol extract were 41.79 ± 1.37 mg/g, QE and petroleum ether extract was 19.85 ± 0.51 mg/g, QE. Total antioxidant capacity assay 7.53 ± 0.45 and 184.93 ± 1.82 mg/g, AAE were the result of CRSM and CRSP, respectively. The extracts (CRSM and CRSP) differed significantly (P < 0.05) in total phenol, total flavonoid and total antioxidant capacity assays.
In DPPH assay between two extracts, CRSM was found to show good IC 50 value 99.83 ± 0.23 μg/mL, and CRSP showed moderate activity 148.49 ± 1.26 μg/mL whereas ascorbic was found to exhibit a very good IC 50 value of 17.47 ± 0.08 μg/mL. In NO radical scavenging method, CRSM show moderate activity (IC 50 value 113.51 ± 3.00 μg/mL) incomparable to AA (IC 50 value 23.41 ± 0.47 μg/mL). In both DPPH and NO radical scavenging capacity assay CRSM, CRSP and AA differed significantly (P < 0.05) ( Table 3 ).
In the CUPRAC method, CRSM exhibited concentrationdependent activity compared to AA ( Fig. 1(a) ). CRSP shows very poorly reducing power capacity but CRSM shows good concentration-dependent activity ( Fig. 1(b) ).
Brine shrimp lethality bioassay
In Brine shrimp lethality bioassay, methanolic ether extract was found to be the most toxic to brine shrimp nauplii, with LC 50 of 74.44 μg/mL (χ2 = 139.86, P < 0.05) whereas petroleum ether extract showed LC 50 value 121.49 μg/ml (χ2 = 183.86, P < 0.05). The standard anticancer drug Vincristine sulphate (VS) has exhibited LC 50 value 1.50 μg/ml (χ2 = 151.61, P < 0.05). Dataset is presented in Table 4 .
Antimicrobial activity
In the overall antimicrobial study (Table 5) , CRSM showed better activity than CRSP. The highest activity (zone of inhibition 11.75 ± 0.35 mm) was exhibited by methanol extract against S. typhi. Lowest activity (zone of inhibition 0.00 ± 0.00 mm) was observed against B. cereus by both extracts. Besides, CRSP also showed 0.00 ± 0.00 mm of the zone of inhibition against S. abony.
Anthelmintic activity
Earthworm used in anthelmintic activity determination of the plant extracts. CRSM showed better activity than CRSP. Anthelmintic activity increased with the concentration of the test samples. CRSM of 50 mg/mL showed maximum anthelmintic activity which is comparable to the standard (Piperazine Citrate, 10 mg/mL) ( Table 6 ).
Acetic acid induced writhing test
Both 500 mg/kg and 1000 mg/kg body weight doses, the CRSM produced significant 39.64% and 58.73% writhing inhibition (P < 0.05) in test animals, respectively. In the case CRSP, only 1000 mg/kg body weight dose showed a significant effect (P < 0.05). The reduction of a number of writhing by extracts was in a dose dependent manner. The standard Diclofenac Na showed 73.02% inhibition of writhing (Table 7) .
Discussion
Phytochemicals are known as biologically active compounds and responsible for antioxidant, antimicrobial, anticancer and antifungal activities [23] . The presence of some of the secondary metabolite chemicals in CRSM and CRSP (Table 1) gives a hint that the plant might be of medicinal importance. Phenolics compounds are well known as an antioxidant which scavenges free radicals associated with oxidative damage. Flavonoids modulating lipid peroxidation involved in atherogenesis, thrombosis, and carcinogenesis. Polyphenols proclaimed several biological effects such as conservancy of LDL oxidation in vivo with significant consequences in atherosclerosis and also save DNA from oxidative damage with important consequences in the age-related development of some cancers [24] . It has been proved that flavonoids pharmacological effects are correlating with their antioxidant potentialities [25] . Results gained in this study revealed that the level of total phenolic and total flavonoid content in the CRSM and CRSP were considerably significant ( Table 2 ). This may give credence for the antioxidant claim. DPPH free radical scavenging activity assay is the widely used procedure to assess the antioxidant activity of natural plant extracts. The degree of discoloration implies the extract's scavenging potential, which is due to the ability of hydrogen donation [26] . Nitric oxide is a potent pleiotropic inhibitor of physiological processes and overproduction of nitric oxide manifest in various pathological conditions such as relaxation of smooth muscle, neuronal signaling, and regulation of cell-mediated cytotoxicity and inactivation of platelet aggregation [27] . Nitric oxide plays many roles as an effector molecule in several biological systems involving neuronal messenger, vasodilator [28] . In the quantitative assay, CRSM has shown better activity than CRSP in both case of DPPH free radical and NO scavenging capacity assay and is significant compared to the standard (ascorbic acid) ( Table 3 ). Reducing power is related with antioxidant activity and may serve as a reflection role of the antioxidant activity compounds which possess reducing power play electron donors and can abate the oxidized intermediates of lipid peroxidation processes so that they can act as primary and secondary antioxidants [29] . The reducing capacity assessment reveals that both CRSM and CRSP have the potential reducing capacity (Fig. 1) .
As plants are a significant source of drug and many plants have been screened whether they reflect therapeutically active compounds. So, it is emergent to evaluate the antimicrobial activity of C. renigera [30] . For the antimicrobial assay, disc diffusion method was used. In this assay, CRSM and CRSP showed moderate inhibitory property against various pathogenic microbial species except for B. cereus when compared to standard drug Amoxicillin. The extracts showed more potent antimicrobial activity against Gram-negative bacteria than Gram-positive. The most remarkable activity (zone of inhibition 11.75 ± 0.35 mm) was shown by CRSM against S. typhi whereas the zone of inhibition showed by the standard drug was 22.50 ± 0.71 mm. Preliminary phytochemical screening of C. renigera showed the appearance of a number of bioactive constituents such as alkaloids, glycosides, flavonoids, saponin, steroids, carbohydrates and tannins which are attributed for this property [31] . This polyphenolic compounds caused inhibition of a wide range of microorganism which is reported by some preceding studies [32] . Phenol functions as a chemical antiseptic [33] . Tannins and flavonoids have been exhibited important antibacterial activity [34, 35] . The antimicrobial activities of flavonoids have been exerted because of their capability to form complex with extracellular and soluble protein and to complex with bacterial cell wall [36] while tannins have astringent property that can induce complexation with microbial enzymes or substrates, iron deprivation, toxic action on microbial membranes, complexation of metal ions [37] . Plant alkaloids [38] , saponins [39] and steroids [40] are also responsible for the antimicrobial activity. However, further research on this plant is crucial for identification and isolation of the responsible compounds for discovery of each of their specific mechanism of action. Brine shrimp lethality is a general, safe, practical and economic bioassay which is indicative of cytotoxicity and various other pharmacologic actions [17] . The National Cancer Institute (NCI, USA) showed interrelation between in vitro growth inhibition of human solid tumor cell and the brine shrimp assay that is significant because this bioassay examined as a prescreening tool for anti-tumor and anti-cancer drug research [41] . Using brine shrimp bioassay accordant to Meyer et al [17] extracts derived from natural resources which have LC50 ≥ 1000 g/mL were claimed to contain bioactive principles. Limit of brine shrimp toxicity for plant extract which was established as LC50 values above 1000 μg/mL are non-toxic, between 500 and 1000 μg/mL are weak toxic, and below 500 μg/mL are toxic [42] . In this study methanol and petroleum ether extract showed the good LC50 value of 74.44 and 121.49 μg/mL, respectively. Therefore both extracts are considered as bioactive and toxic against brine shrimp nauplii. The presence of different secondary metabolites like alkaloid, glycoside, steroids, tannin, and flavonoid (Table 1) in the extracts may play a key role to show the cytotoxic effect [43] . Besides, further toxicity studies could be conducted on individual cell line to confirm the bioactivity of phytochemical groups.
Earthworm was used for the anthelmintic activity test because it has much anatomical and physiological similarity with the human intestinal roundworm parasite [21] . Ayers et al 2007 revealed that alkaloids in the aerial parts of Cissampelos capensis (Menispermaceae) and Macleaya microcarpa (Maxim.) Fedde (Papaveraceae) are known to be liable for their anthelminthic activity [44] . Tannins exert anthelmintic activity by binding to glycoprotein on the cuticle of the parasite. They hinder energy production in helminths parasites by uncoupling oxidative phosphorylation [45, 46] . Table 5 Antimicrobial activity of methanol and petroleum ether extracts of C. renigera seed in disc diffusion method Values are presented as mean ± SEM (n =3)
For the evaluation of the potentiality of peripherally acting analgesics, the acetic acid-induced writhing response is a widely used sensitive procedure. Acetic acid induced writhing model may cause the localized inflammatory condition and induce pain sensation. Free arachidonic acid is released from tissue phospholipid in the response of such pain stimulation [47] . The writhing response is considered to be caused by peritoneal mast cells [48] , acid-sensing ion channels and the prostaglandin pathways [49] . The flavonoid, a powerful antioxidant, shows analgesic activity [50, 51] . Flavonoids primarily show analgesic activity by targeting prostaglandins [52] . There are also reports on the role of tannins in antinociceptive activity [53] steroids [54] and saponins [55] also possess pain-relieving activity. CRSM and CRSP both showed dose-dependent antinociceptive activity. The highest activity (58.73% inhibition of writhing) was exhibited by CRSM at 1000 mg/Kg dose which is comparable to the standard (73.02% inhibition of writhing) at 100 mg/Kg dose. In phytochemical screening test suggested that different phytochemical compounds were present in both extracts of C. renigera seed (Table 1) . Maybe the presence of these secondary bioactive compounds played an important role to exhibit antinociceptive activity by inhibiting pathways of prostaglandin synthesis or by other mechanisms. Further studies are required to ascertain the exact mechanism of the antinociceptive action of these bioactive compounds.
Conclusion
To conclude it can be said that the extracts of Cassia renigera seed possess significant bioactivities including antimicrobial, anthelmintic and analgesic activities. Different established in vitro and in vivo pharmacological tests were performed to assess the efficacy of the extracts, providing a scientific basis for its traditional uses for treating various ailments. There is every possibility to suggest that these activities may be due to the presence of different secondary metabolite compounds. Further well-designed more research activities are required to isolate the bioactive molecules and to elucidate their possible molecular mechanisms of actions. 
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Values are presented as mean ± SEM (n =5). One way ANOVA followed by Dunnett's multiple comparisons was performed to analyze this data set; P < 0.05 was considered statistically significant when compared against a control. One way ANOVA followed by LSD multiple comparisons was performed among the standard and the plant extracts. In this case values with different superscript in the same column are significantly different from one another (P < 0.05)
